We describe the occurrence of the trigeminocardiac reflex (TCR) during DMSO pre-flushing of the microcatheter in preparation for Onyx embolization via the internal maxillary artery. TCR has not been previously associated with embolization of extradural entities. Familiarity with this clinical reflex and its proper management may help in planning neurointerventional procedures involving DMSO injection in the trigeminal territory.
Introduction
We describe a case of reflex sinus bradycardia as a component of the trigemino-cardiac reflex (tCr) in a child during injection of dimethyl sulfoxide (dMSo) prior to planned embolization with onyx.
Previous case reports of this reflex with surgical manipulation of the cranial dura and more recently with creation of an onyx cast have been reported, but in our case the reflex resulted from the dMSo solvent itself, and is the first to report tCr in the treatment of an extradural entity.
tCr is a physiological reflex manifesting with sinus bradycardia, systemic hypotension, apnea, and gastric hypermotility due stimulation of any of the sensory branches of the trigeminal nerve.
Case Report
Institutional review Board approval was obtained for review of cases involving extracranial embolization with onyx. the patient was a ten-year-old Chilean boy with a two-year history of epistaxis from the left nostril and Ct scan evidence of a left nasopharyngeal mass. he underwent attempted excision, aborted due to intraoperative bleeding. Pathology was consistent with juvenile nasopharyngeal angiofibroma. he was referred to the Children's hospital Boston. Further imaging demonstrated a left nasopharyngeal enhancing mass extending into the left masticator space and left sphenoid sinus, associated with osseous destruction of the left sphenoid bone, and soft tissue extension into the left foramen magnum. he was referred for pre-operative embolization, to decrease the intra-operative blood loss, as is the standard care for these richly vascular tumors at most high-volume centers. Intraprocedurally, the patient was monitored with pulse oximetry, a noninvasive blood pressure cuff, electrocardiography, and a temperature probe. the child weighed 28.6 kg. the baseline parameters were a pulse of 80 and blood pressure of 100/70 mm hg. anesthesia was induced with sevoflurane and nitrous oxide, and maintained using sevoflurane.
a 5 Fr envoy guide catheter (Cordis, Miami Lakes, FL, uSa) was positioned in the left external carotid artery distal to the facial artery origin, and angiography was performed ( Figure  1a , B). an echelon 14 (ev3, Irvine, Ca, uSa) microcatheter was advanced over a 0.014" transcend (Boston Scientific, natick, Ma, uSa) microglidewire into the distal left internal maxillary artery supplying the tumor (Figure 1C) . Given our success with the use of onyx for embolization of extracranial head and neck arteriovenous malformations 1 , and the potential benefits in terms of increased visualization of onyx relative to particulate agents (thereby lowering the risk of inadvertent external carotid to internal carotid embolization), embolization with onyx (ev3, Irvine, Ca, uSa) was planned. however while flushing the dead space of the microcatheter with dMSo there was a sudden onset of bradycardia to the low 40's. after rapid administration of 0.4 mg of atropine by the anesthesiologist, the patient's heart rate normalized; there was no evidence of other physiologic instability. the echelon 14 (Boston Scientific, natick, Ma, uSa) microcatheter was removed from the left internal maxillary artery, and replaced by an excelsior SL-10 microcatheter over a 0.014" transend microglidewire. embolization was performed using polyvinyl alcohol particles and a detachable coil. there were no further episodes of bradycardia. the patient was extubated and was found to be at his baseline.
Discussion
the occurrence of tCr has been described previously during craniofacial operations, especially LeFort I osteotomy 2,3 , operations in the cerebellopontine angle 4-6 and skull base 7 , tran- to the best of our knowledge, all prior reports of tCr during embolization occurred during the treatment of intradural or dural pathology. one recent case report of tCr was described during embolization of a tentorial dural arteriovenous fistula with onyx 13 . the authors in that case postulated that the tCr was due to direct compression of the nervus spinosus by the onyx cast in the dilated middle meningeal artery in the foramen spinosum. a recent series of nine patients with dural aVF or carotid cavernous fistula reported bradycardia in four cases and asystole in two 14 . In a recent case series reviewing dural fistulae embolized with onyx, 7.7% of those treated intra-arterially and 33.3% of those treated intravenously were found to have a drop in heart rate of 50% or greater 15 . the high incidence of tCr during transvenous embolization renders the direct middle meningeal artery compression explanation unlikely, as does our case, as onyx was never injected, and thus no cast was formed.
In our case, where the targeted pathology was extradural, the tCr likely resulted from chemical stimulation of the sensory nerve endings of the trigeminal nerve by dMSo. Interestingly, the reflex occurred during injection of the dead space of the microcatheter with dM-So rather than during the initial injection of onyx. this strongly suggests that there is not insignificant dMSo escape during the dead space flush.
Sensory nerve endings of the trigeminal nerve project to the sensory nucleus of the trigeminal nerve via the gasserian ganglion 11, 16 and connect to the motor nucleus of the vagus via the reticular formation, with cardio-inhibitory fibers from the motor nucleus of the vagus nerve terminating in the myocardium to complete the reflex arc 17 .
It is important to recognize tCr, as this reflex manifesting in the setting of underlying heart disease may potentially pose a greater hazard than in healthy patients 18 . Most often, cessation of the offending manipulation leads to normalization of heart rate and blood pressure, although vagolytics and possibly sympathomimetics may be needed. recognition of this reflex and its potential stimulation via dM-So can help in expedient management. Particular predisposing risk factors for tCr include a light general anesthesia, hypoxia, pediatric patients with high resting vagal tone, and prior administration of potent narcotics such as sufetanil and alfentanil 19, 20 , beta blockers, or calcium channel antagonists 21 . the sensory field of the trigeminal nerve extends from the scalp to the face, including the mucosa of the nose and mouth, and thus embolics delivered via several external carotid branches may theoretically result in the reflex, as may internal carotid -external carotid anastomoses. 
